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t., ap.,.tton of CtrO\dt 
C. , feNMe ileotHd• 
D. ,P en\i«J!Ot.fll" Cmut\ 
1. tbd.t.:lq Po\ f'.l\tal tor Coppv 
r. tl4Jpa11t.1oa ct Qopper- 
S'tls••Uon& tn M• 
s••t. Appltoatlo ot CU•ui 
blloan9bt ad 14\•ntutw Clit.-4 
152818 I 
fh• ,n•tt' wer-k we um~u w:t.t.ll tlle idea Qt il.dlq "' •iiapl4 
•1ectJ'04•pod\.lcm appn:t.w •Pl.oJi.11 a us~ Ufld catih.t• 11• lal • 
\hat q.-S.\i:\1'1e ~At.1.._ 6ld 4ct•raia\iOM Qt ft?'!OU GI\; OU 
to\ll.4 u -'•• 'Whd ts.nlabe4 tM ap,._Rt.WJ wa.11 tlo, be l.,ed th.• 
i••at.SCAt~ or •lt:tetn~ .1 .~-· a ...... 10 
~• .ta tll• OCJM\t"UcUon .t th• ap;paratu• tbAt \ll•H _, not. t aml- 
•bl• tor ttbl1 lat.tiff "°*• 
the u•hiM ot qqat1U.t.1v• paratlon d••trd.•ti• ot •t,alta 
br -1.wt.~p•d.tlon vtth a ~i-oUld -~ P••aial wt.• ~ 
• .., '· $. sar.11 (12) ia 1906. ffb. •f.ll?••'• .... .-.1.at,1••1" • pl.e, on- 
•bttna onl.1 a. ,,,._.ul u the powr .vo•• a. me "'-' "1 b tb.11 
~ ... \O :the 11\.00;f,~ _., roculaMdt a WJ1 . t.•S-t . tefe~ '1 C~ 
t.Ul4 • •PiU•ff •1 ~t•r \o •••• \be ~- t oteA\IAl. lt1tf 
Olftt~\ .. ts.mlla.- to 'bail •boirn ill figUft 1. 
lelat.:l't'$);J' lit: l• Uet W4S Md• of hls \bo4 w&il ffl•A\ 4.,,_lopafttia 
in tb• fl.•W or e1•otroo.t.oa bav per:dt.ti.u • e m1\ru.o\itn ot ao t.1o 
~fOlll~ circuit.•• "_..bl •lW.t.b'C • te41ou aa.n-1 rooeaa • ala 
... 1,... \ht. open' °" t•• ot. r _., a tact.or wh1 la ot oona1d..-.bl.e 
1' t in tb• i-4•\rJ.al la tort (1 -1 ) 
414 •t. Uw to'" \be' t'DC 
dev•1 nt ot th•• a'\at,..,it. ont.rol.f .. 
as• 2 
o pMVlat any o~ntuiuon 1• "t•J"f'ittg \o t.he •~rd oxidation- 
"4\lo\S.on po\•tAiale,  lt » •••nt,,!o.l t..~ •• ol.•v thal.t " • conv•~io 
t~ tb~O\lt. 'WlU pa~ ia one ot red.Qt!on. ha\ is., t-be o u i .. 
are wri\kn u ~ + ..,,....= ~ J.n the OMJt vf oat.iona a.nd + .... P 
f<W w • ~. an th• pot..nt1ab or tali mot• no \1. than .n n 
4H po1S.t1w t.¥14 th • ot ••• Mliv• ~ aN t_,..ti••· 
ln t.be u-1 m\bod of elsot.rod#pod.Uon a voltac• u applied. t. the 
•• • 
Ju.et•n\, ~ft .-J'ba.P* te tnoreaa• ti$ voltap :lr. order ~o p tne 
Wf'.Nnt e~-'· S1ltb. a moth.S 11 atti•facto.,. tOI' deM ot 
one ~. '" at tb• aoat \wo, l'OVlding t .,,_ nf't1ci• , 17 t •l*Z"' 
ln •be eleo~tit..- Pd•· 
thl• oonstan\ ~n\ met.hod at •1.ot1917t11#, u it 1• cal.l.t, tau. 
lf tb• 1MDnd, ae\al u ~ l.Sgb.tJ.F •bove the ft••' in th• lee tiv• 
•er1••• tQ't! u t.bt• ••• to. Htood ... 1 •&int t• d_,o 1\ 'btt'cn• t 
tlm Mtal i• capl~elf ~ tt(la eolu\io1h ln ord.Gr to ~t. i 
or ~ euob i.ia, ttut •tiled•~ ha• to b4J con\t'C>Ued ••'f'I cloa•.11' 
(2). Tho ~I' tn ~- t.bi• 1• 4oua i• mown •ob ioally in fig l.. 
The ""l'H)ta pot.cmtla.11 rtl&tlv• to tb• nf1l'8nc• el.eo e, i• •••ttred vi\b. 
th• pot nti<Dt.W tnd i• 11.r:dt• 11uulll1llf to • titleo ~- wb1le t 
•1ect.-o1J•i• u beina oatt1 Ol1\ •\bit the a.-ad .ta1 ie not depoait.ed. 
't.vett1 th• an • •~ th9'•· 'ft:da • !lt'8e,, , a. lb wn by \he vol er 1 





Fig. 1 Apparatus for Controlled Cathode Electrod.eposition 
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Gitll'4. .msll l"D ~~I~I '991~twJ, 
f 1f (141 + W0) - ( .. +w.) + 1B (1) 
WbeN ~ i• ~. ,.....f'•it»l• t1nS:l• •~• po-.ralel ot tb -~ feln1v. 
'to, the aol\lt;lOAJ 0 l• ~ catJtod• polari.n.tlon (oatrhod.o oteft'olt.a la t.be 
tat• of cu .-..1nt.•)1 '• an4 a•• th.I' ,_.,.,poMtng ti•ru tor th* 
.. m 11 't.h• ~,•ntt.al dJtop \hNugb th• eolnt.lora - \o it. l'G•i•Mnl•, , 
4ll4 1.h• •~n\, l. file 'e (I.a + w .,) temW ~ oone~ dult.q 
•leotni.,.1• du to tfhO tut tlUlb .,.,en h g.lvu ott at tb 
aU 4•PM1'i(.$ill and \bf'. eoodl.U.08 &0Wl'.tWc t4'l• $V'G1utton flPP"Olablr 
oou,.... tu olher \W WlUtJ vary, b.-'ffl', and. in ~" to c l'Ol t 
rG•\i.ons *' th• oa\Md• •• that qwul\1'•'1:re ,..,..,.. t.iou cu be mad•, tt. 
Nth11arr ~ 1•.i.'• •lld •••ol th• oe.th«l• ,ot•t.1. !ht s. dontc b1 
platbg a r4f•rttU• •leo\rotle ln the 'te•ttll -4 MHluting •h• *kl \ .. 
,..,....,. it~ t.b• Ql\hode wl\h a ~nt.l_...l' OJ' ._. o\ho:r d.evto• '1 t.1ftl1.,. 
tnc u p,_o1Ab1• -~ whl•h •uld al.t•:f th• •kl. ft&• PGtent.1.i 
•o ·~ t• \b• d1tt•nn•• bn~ tbt •1ftll• f«t•Nl'lff el -rod• ~.,,... 
tW Mld \her •inll• nlho4• Pot••W• 
lc..tnott-W. A•o\rod• • 1a.r • .tbt~• - (lo + W o> (l} 
Suo. \be Ma\W ot t. • .. ,.,. .. eteotl'Od• 1a lmown, lt. u • •laplA at er 
to retw the ot.t.hde pot ntial to th• hldl"O&• acal•• 
btt N'ftftible :t • p$ffft\lal.; lo• U odi \ltd fJriOa \he let'AI\ eQWl- 
t.ltn aid d•,.ctt• oil th• •1tet....i• •rial am \h• o . utat1on of lk 1 
.ta •o1ut1oaa 
So *= .¥/' .+ i.}rt,, 1n •Mn+ ()) 
~ '" • l• th• staadard X'Od'1ot.loa ot•nt.14 ot • alt.al, l tr • 
T ti •· abCJol.1 • ,_,.~ \ . , n \be QtUIJber •I .i.cn. ... , r tho '•1'8daf and 
• M nf. ibe ac\1v1\t ot '1l•· llftll lows in eo11lt-loa. 
A.a t.b.• el•ot.rol.1'11• to tal!r'J.o4 •t., th• ooncentn Ion (or t'fitJ') 
ot th• oatiou ~ ._.u r ·•hll• tb.el'OtOH, the 1 . taritbmio to of 
the N.ernet. ~Uon deCJ'GM•t wh1cb Oft• \ho cat.bod• pot.ent.ial, 0, 
\oward th• n.egaUv• ead t "he ei.1t...-.U:1e ••riff. Tbu.t, ..U t \ 
ot tqU&\S.on (2) al"ft knoWn or cu N Ml.~e4 coeJ.$ tot- \he a\ • 
'ol.adetl<m, w o• tilt eacat ftl• t w 0 ~ 'b• oa1c\ila1;ed.. I~ u 
M1n!1r a hn.otlon tf tho ~- dene:lt-7 Mid <ltonaa•e Will \h• ~• 
4•~•• "'u taOYln& '\be tho4• pot.tn\lal toarcl tile poai\ive ml et 
th• •1•ot: J.v• l!Mlli••· BT nogl•ctibg t.ll• oath • hri.r.at1 , eq..,. 
tton (2), $.I) ccmJunotioll -~ ·~s.on (J), can lMt v.1*1. \o cal t.u 
Utd.tinff ~ pote•bl •••~ \<> •tt•o\ th• ppara\toa at one 
.i.i tr. atl®b•r lPD& .-.lflll.t bi&her (tMP"8 no .,t.i: •) in t-be • eotto- 
aot-iw aerl••·• 
Xn actual , .... 1•• tb• catbode po1-S.ation allowed tor .,. t1N\ 
l"\Umlng a 4•~1Jitri<H*· uetoe .W.ui.t.ona of ktlWB •oncentn.t.14n and NMnc 
•e\m~ a ~ltait.,.. ••pan\lon an be B49 t; puit,toul.a Urd.tinl 
c•thode pote•nti&l Ul!le4• tn a••ral, .c•P'f. tor c 1~, iron antt 
(3), t.h• polatl•t.ioo ot -'al• on uttl• la :I.ft • ordoir ot a tw 
1*nd. tJa. of e. wl\ ( 6). 
• tb• taleotr~u l"Olt 4• I• •tbod• t:tntial S.1 P" rA.S trca 
•her• in tisUM 1. 
1 oont,H1 ot th proo••• 1• •lialmt.«1 bf 
btiween tM tdbod• aid tb• nt•r•" •1• it.'Od• u a •ipal tori an :t.eo- 
•Hftlo ocmtf!Ol •d.~ou1\ whteb tttl.t--.~ieollJ'' adju&ta thtt vol,age applied 
,. ~ al•Qt~. 
n. buio pnuipl.e ot tNt o1"Ul• (a• f~ a.} ued in • wtk 
waa ~- tr Kitk11a& (4); tJ\• am aod1Acattt.ona being tt• tMUtut1.a 
ot ••• YMU\11A \ub•• tft lh• MU1b tqui.v...,..nt.e: and tiv ~ ti.Ube• 
An plao• ot th• ~ 1i•· ftl• nast-er in. ._ pl.ak olro.tdt. ot tu 
'8¥1 a.ad l'J. a1eo ~rd . h&DI~· Si• a2, am , wo id.nB 
~ •WS.t ••• the vol--•• r• • it 0-' vol! • and. tht ~•r r..U 
t..-0.'1()~,.·· 
Coneidtu;•blA ~ wu Clont in ~ M> uke t.b.e c=t.nuit. """' tri 
• 5tl•ti .torr ~.- •Ull u a powttJ" 1uppl¥ ~ out.pa\ of a. tin 
pl~ t;wo ~ "'"" oeneoted 1n ~•11 • Tbordarson1 l'1r- 
T·ua:JSt \ranot~r • •1rclA eeot1on .,,.-.,..,. iltp\1\ ftl er. Th• 
P\1t of ti. ~tUitl"• 600 Yol.t,•J wat au.oh td.ib•r> \ban &crt.uallJ nnclad• 
a\ \bit t;tu no otb•r \IUlfo.-r _. a....U.bJ.6 wtt1 ll wOUl.d. •\).PJ>ll' th 
M ee1•rt C1U"1111llt• 
Par i'it 010Ull: iOM in thl • 11' o!.NU1t, · at.To o pao1~ 
•ft•ot.• ~- '""cmted ~be cd.rouit tr«A opett,tlna ool'nctlf, oo not. 
l'Mdily be e1Wmt'4 wbil• wtillS • (,,00· vol\ l"lttUitr u r IN.PP17• 
Th" 1ti•• -.. tlnell.J rWtplAted. t an ollt.11d• aovc• ot US 'V'Ol'• tri 
• ct.tr.• evrrant. ,...-at.or and IA•l" t.he reel.et~ lo ~ .1a.k t of 
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ttke 684'1 and "J! were dl.tH1ged t,a tJl•ir preses$ val.WM tM oi~cu1t. opented 
in tihe d~ ~,.. With the US Yolt .~ eupply th• fiv• 162S•• in 
~el, oa.n paeo App10:dlaat•lT 0 • .3 aapere• aximUll. 
h opere.t1oa,, th• el.$fltt'Ol;rtlio •~ pqau \.ll~b the tive 1625 
p(hr$1' tu.bes. 'fhe grid 'bi&• on ttl• tube• iS oonttrolld. bJ the potenia.1 
dJ'!QP uroa• th• 6'1J1 tube 1fh1Ql\ 1• !A turn cont.J'Olled b7 the ttqT&tron 
t:lroutt.. The tif'inl ot t.h4 t~\l"On 11 "cmt.roll.e4 by title pot :l.al dit• 
h:renoe "tw.n tb• r•t•r•o• •1•ot.rod• and'" wrid.ng olectl"Odt, e1tlwr 
t\lJ.OQ or cat,bod•· The 981+ \--~ton 1• IJUPPl~d with AC volt ~, ao ~ba.\ 
u~ 11 autaPt1ot.1lT .... t eu.tJ ti.Ilea. ··--· tta grid pot, 1al ta 
f.d.Juated. to t.h• oritA al. tr:ippiD&' voltaa• b7 .-ns of the volt divid.• , 
~l - r2• !h• g1'14 oivou.lt of th• tJ1Tt4tron a.lao contai.M an ext• nal 
po\$n\1oim~er, f, oonnoot,ed so a.a to mate• 'n. grid ._. nega.tl •• and in 
opposition t.o tbl..t, th• pot..nt.:Sal b"ween tile reference eleot • a ttbe 
WOJ!lkins elect.rtd•, eitbet ~$ or cathode. Thu, the tJ17rat pase a 1'0 
Ctll"rent unt.ll tne pot.~:lal \>~ween '\b4t FGf'GreDC• and wol'ld.ng ele°'rode 1a 
equal to that eel••~ on th* poten\1(lll.f)t•r.. This is the Um1tinl potential 
fOI! tho partioular proc&•• b•in& run • d•termt.ned trom. equation. (2) on 
l*I• 4. The 654'1 tube u notraall.1 bU.ted b7 tb• 16., volt bat 'l'1 ao tha\ 
it "'"'' no cu:rrent. Howttvor, wb•n th thJTa.t.ron tires, the pottenti&l 
drop ao~• r2, llb1.ch te ln.oblded. in ~he grld c1rou1t ot the SJ?, oppoee 
t.h• ttxetl 16.' 'Volt bW and .Uowe t.ne tubt to conduc\. \ftlen tho 6SJ7 con- 
d\t.Ot• \be. pot.ntial aero•• t,he tube drop• and SA d.oln& 10 l.illl tu ~e\7- 
volt blae to rend.er t.ba tiu 162.S r t.uMI no conduct.S»g. The a~ 
through 'h• ltttl'OlJtio oeU 1• th decreased, while th• potential aero• 
Peg• 9 
Ule •«ll w --- tthe . t•~· am •rldtc .i•rod• is k•P' ow 
tl-.t pot.enUal which would allow anctbtt p~•• to ooear. l'MlOO, _. 
•wi\oblng th• a.t)p&ratue on th• e~nn wUl Pi•• untU the •l.te• 
\ro4• bliUJ potarttt&l, nkt.ivo tot.be tt&toreJMM •1•otrode1 ual to 
thAt ••t cm th• '°'•tOB1t.•l' • tlM o_.,..nt wU1 \hen b6 auta.a\leaUT 
eont.-.U.«1 ao that thia potem:tlal i• · . int.dud i •tinit•l1. It no 
•1•m ---· 1 po 11.1>1• at. tu arbt.trvil.J' tilted potent.al,,\ •n 
\1'$ t~tt'On W'l.U operat•· oosla®U•ll' am •tut O\irftnt thro b tlw ell 
w1U b• P • lt1 e th• otkD bud, ._. •lAct.~1o proce•• 1a pos. it.tlli. 
tih• ttw lWt~ ounent to~ \llat. proo.Ht wll1 •· 
%bt t.h~~"°' 11 ••'at 1\1 •1Ucal tlrloa vol.tag• bf -4J"""v.4WI "a" 
\ha\ it jet t:1Jl8t with the p•pttc.wth.r, P, •at. &t M:l"O vol •a the 
ut•imal t.~nall ot t: • _.l"Ol ctrcnd.t, U- and. n -h com*'tad to- 
ll~.,,. OnO• .Mljuted1 \he t.a,rat.~ MIU DO .. u,.., .. ..,, 
th• AC Une vol.tag• S.• l'9•eonllb11 ot.•adt • ff()'.dV r, QeW th,JT&t,.,,, at'41 
oc-.i~.1¥ Uabl• o &Ndden '111ft.e in be ori: 1-l MA yolt1&•1 tRa th••• 
1nvan..bly aua.ppear aft.eP the t!tp&\~ Ma t.Mtt ill C)p08tlon tor ._. t, • 
It_. for arir r•eoa, th• t,bJ'tfl\l'f.tn ~ tie Mt with the potent.S.QllOter at. 
MN, \h volt.q• _,. b• tno all4l l>t3 tbtn tbe Umi\1q pct.eutUl. auet 
added to vhat••• ¥OU g• 1• on • pc>tet'lt!. t•r whtm \hi: t, tl"OQ if 1 • 
It t. d s!tablti ·t.o bav• & retere•• •1•t.~ 
P.otent,t.at ~ob it ..., •• ~ \0 NSAtala1 so t. the 
tM pol rit.1 ~ wlll oot ••· n. _..reren •l•etr«l8 






wit.b t.he rid~ elet)t .. b ute as $llOVf1 ln ~· 1. O pnem.J.U 
4-ponda o= t.'IM conc.n\ra\104 ot a.cu and in \ht pre•• tt vorit, a •'•dJ" 
A"4 "~lbl• ~•'-Pl ()f + 1.S? wl\1 o.i t.h• ~ on •cal• la 
\UM4. The •1ett.l'04• h J*"•Pu«i l>t •1•G\~ a solut.io oorapHl.Cl 
of tlv. 1rau <>t bad id.t.m•• "•n .tUWten ot ollCfln\n.t..i nit.do acid 
.. one b.Wdi11d rd.:US.11tft.rtJ :of 41otUle4 •'•r Vl.~h pJA.tSi 
llilht vadat.t.GM 1J1if ow 1n t.h• pot · itl •fter roplat.in8 'h• fde°'1"o<l• 
With lead t.W• .. to insure uo~1'• tb• rett,.m• •1•ctrod S. .-ok.t 
1.1•1~ -.. aoam1 oalorael •1""~ ~tore •" tid. t.h• aame pot.ent1~•J- 
lOJ'G4 la , •• el.•otr..ock. altilon. appa!!llt1l•· 
TM ,.n\iC»MlW tat4 f.n W• rt vu mM trca a teed4S an ~ 
P•t.u4Clllete.-, •tel od> .. r ?(ifl, b7 ·~ \M. hec&O...., • and ,._ 
lfiJltng $1 .cooHlna tio t,he clroui.\ #llOd in flprt J, f • •Jllilb • OQI',..._. 
1)0ld to lhwe OU till• ori.ai-11nt\JUml8• 
l.r •l#Ot.t'~ • eo~r tol.\aii Af.1d a4ju\ ~ l1mlt1'1& po\eo- 
tt.1 •11 A eptt•• a\ fttt o~l" vat obMi d. with~ al\er t.ho 
1-t,,.nt '114 •hut ott, it 111• tod that t.h• 11.mlttac Pot••ial w 
•oppel" Mk\iv• t.o th4t lt. tiled.de,_,...._. el.ot •, aat 10-' 
~ .. M a neslilt: !• dDt ot o•PP8_. loft 1n sol: 1 I)' wu l..? volt.•. 
fhta 1• 0.'8 'fol • aboft t.b• pot..-W • tal lated t.oa *Ju&tio (2) 
P&a• 4, mt "'I.ft£ bb• p0larl•tlo1i. BSAc• 'lb• p ri•tlon of ooppll" = 
OJ>P•• 1• n• \hte area (4) 1 \b• 1 Nat• it\ the lll\1\lng poi'.9nt.1al aul 1- 
4\lfl \o \M ~l'I' of tth• o•11· , th• .-1u t h• re~a-~ 
\t'Ode 1• oritloal. (2) um tbt.a •r o. oa1 of he taotort oau.s ~· lar&• '°""" 
\ I ll 










Fig. 3 Potentiometer Circuit 
"""" tA tho t.h•.nt:S.oal. ~•ntl.al. 
t•a t. h \ht pre•• t1J)p4rG.\UP ~\di.Ml fl. lial\1n$ ~--lal Im.Cb 
~, \han th• '11.ne\lcal pot.e•SA1, ftM au\btli' •~o tha' t.tnt lbd.t.ine 
'°'en\:1-1 fourd. nee••"" fof' \he. d•posi\iou of c;oppt" _,. be a liti 1• too 
higb. l# _,_,,._Attte ldt.ll th• •tn~atua, 11 _. Ollee"9d 'ttbat. ttul · urrent. 
dld. M\ •1•1• alnat ott ewn \ll~ th•n d8 no •JP&f' 1D tolut.ion a.1 #hfNn 
bJ' a •a•~iw tc••t wlt.h ~.. vue tc> lack of tJ.M, a trial • · nt1<>D 
ot '1n 1;4 oopptH·, ult\l the abe• lhlit.Da i:-otent.itll tor ooppll', wat M\ 
lll4•. 
th• worid• ele•'"dM ld-4 tn t;htf WOJ'k, •t« a ap181 pl.a~ ...-1• 
Uld • otllMer~ plAi~ .._ .. ••"'°'•• U'urlei the el.M\roJ.Jttk ot 
¢~r1 itt ·bael'ffd th•" an e.en oopc.S:t WU not obtal•d on t.h• t.d.4• 
Of \ht a.thoite• 1\ WU htavf.•tt llil&r th• bof.tG.rl of \.b$ O~G e.11d t.b~ 
taea.tt t.M: ••\•r. (:the iboP ~ ••••in aolut.:tfm). Fvth•ICG 1 
•opt~• 44tPoa1\4td • tM outd.dfl up,_ M1t ot he •1ectl'048 t ...S n. .m 
o.t \M •1•ot.Hll'•U tmcm \ho 1114•• of th• beaker _,.. waahd wn wit di•• 
Ulff •t•W'• la taot, th• copper at tlra'\ 4.,o&lkd n tho out.1ld• ot th• 
Utbo4•1 at•• ttw o.•nt•'"• ~aoln<i · 4 pbt-4 oe oa th& ,._id• ot the 
eleetl'Od•• e taotor• ap ar t;o ti• j.mrolved ~f \ • tt.t• ot etJ.l'Ti.nl 
W the •1fttrioal &l4 botirlff . t.llo cathode an4 anod•• 'iltl\ nUd 
Pl. tll • at· •i trb• tore• .la Mtwe•~ t:b• •1•otrodn and • ttda 1• 
•n t.he areat.•r piart- ot t.ht 4epoa1'5.0U tAk a ~~ 1h•· •t•ct.rica.1 tone 
•''14• t; • oai Qd.e1 ._,.oit.111 ••~ tbt kl" ot t.h• •1•l!Jt*"4• .,.. ere 
&N o .ml •ti~'•• u ftlAt1v•17 tl'llall iuld lutno• tll• dtpoelt 11 • 
Tb •• detettta cauld robal>lf 'be •1J1d. ~- bf t.it.lltt 
P•• erlltdttr tor tb.• soU.4 •"1ode and o1*qi&C he ~l" ot 1~ so 
that. a oflfl't'M\ioa t.,,e aot.i • n\ho:r \Mn a •inlllJw aotL'm l• bta.ined. 
ft• PJ:"&••m. phae• ot tll1t "°* 1• fW..bld a\ ~111 pot.a\, alt.bouP t.h•re 
h ••14•.,able <towl•prteai wttioh mm\ b• doru» h: \qtiQ& \M appratu be- 
t " tt 1• ot \M ·~r~al ttt.,e. 
1. SUb9'!.tu\• • ,plat.~ ,..._. 0111.nder. .r• th• pla\1 •hMt oat •· 
2. 4Qk.e th• iMt•ra•• •l.••"4• cao~i>a J..a Wt Ot'l1 b.1 au ot 
t"811n (4) caplUarr •f' o •au -1t. bri.dl•· 
'· .t\44 t<> th4 et.:vO\llt bJ ••• ot a tri~• d ~~ awit.ob at 
\he eleotrolrti• c•U an e.ut.lh'7 ~ •t ~,.. e\Uib •• st.e-n,c• 
l>ut.•1"1• *° tnt. u1\ialll' 141'4• ...,..,., '*' • pa••• tbl"Ouah ~· 
ooU. · ~ qul•klJ' thft otJ.t7 of .at.rt.al. •&lutioil lliiJ.*cl 
up \i. ~lt1cm. fb• J.lxdiia& pot ... 1al tor \hlt e\1on t o\ll.4 be 
•bad.M v mtuuri ti. ,ot•At.ial · ~ th• ~ .i.ot.rod• em 
r•t•M*1C• .i.0•"4•1 pr•t.-blT wJ..tl't. '"'"" 'tol ,.,., .. 
aAj'WatiD& a nlietor 1a ••in w.l'b th& PoWfr' ~· ftG audlt.&17 
ell- ' " ul4 b• lib tbilt or ttcur• 1 (on , ) ·~ that tlle 
poten\1--'•• l• replM-4111 a a.ttet" 1ltl 1-. Q\,, 
proo••• t.. to bl co,.1nue4 a•oratLo«L117 at\•r ~ ot the •tft'lal ts 
ln &441tt.n \o 1\# •• to'I' .-11oll.*l ••th«l• .,oa1t.S.o , t'.b olrouit. 
•~ in t~ a hat fQr\hR app).b&\1CIWit u att.tcfd W' H1ak)JJ.)g (4.);. 
1. C•rent,w~•nt.lal • ..,,..., vart tb• potiM\:t· t.d 4th• c=nll'lt! 
tb• ~,_,. ~·•· ft• •rrM •o •~• al"CJ ..ios:ou. to 
t:o• r...-• ~-· 
a~ I1olatJ.011 ot •1•nJ'Ode p$M•J lt. i• P"•lbl•, ttr 1e1ec\t • p~:r 
pot•~W, 'W1 . ~ anr $\f •1•e t()l$ti:1o ~" t.o ~ ton 
ecolwlt · o\h•• pro••••• .-ounln&: • ••~ poott.i.w f)A•nt.1a:l 
1A \be cau• or 1.0 anodl•· p~• •M _.,.. Mpt'fi • 1n tb• a• ot 
. -UlOIWt· 
l~ L!dtU '•lffl'tlMI •'wit G:ri&ttl• of. -~ wih •bellB ot coa- 
·••nt.rat.tcm, t• .,.,~, ... or tllw1G11 ., •• 
i+. oou~ ft21,.n\ --"' .-.pld• th• c=•U r a tuiator• t~ •. • 
•f wld.oh aite ¢~-4 w '1\e ccmt..roll•r il"O\d.t. A cuntnt will 
tl lt:Jffnn1'1•lt eo u " blalamtt th• .o1t. • et\ on t,Jw pot•n\t~r. 
TA• aut.t.lof' ¥(1"Uld a\80 lD '° pol.Qt. out. tt.•\ • eirouit AM 1\ll'tba 
•PJ>lJAe.t.lotl$ tot \).$• 1n o~~ion wlt:b coal_.trie ~ta ~Ufh 
'· Mt l• elld • pn••• • oan •tPW• Utr1 100 per c c~ 
ettioleno;r .- Qbt,dAM• 
6. u •• ll• ap:Pl'rati• - • tow."• or ~taft'b, tor tb• t.1'1• 
•l11'7 ~tln& • ,.ld."°r• Wbicb 1• in 1.rlca lib t.be 
be \t1"'1-1• ot ta• ccnt.rol.l otre\d..t (••• 4 abo ) • 
l,. C&l.dwll, o.w •• Parker, .c.,, and Duhl, U.J X 
Anu,. · • Mt 14?. ''a (1944) 
2. Otehl, · rwr, 1Lu\rJ?tbeiq1~ " SJih ~~ ~~ ~lll:il!!r. 
qeemi G. h'e4ric L)ld.\a chat 1 eo., Col • Ohio (194EJ) 
3. Ola•at.oM, I~ st £bai•i~ mitd!UI 2llCl .. P 10221 
n. Van t.rand Co. I lno., lo r. (1 46) 
4. Hickling• trau. JI! q So4. lt• :ti (1941} 
'· plM:n, a.w., ~. Oh•. g, ats (19J.1) 
6·. 1'\Smat" Ud Htld.rbnnd1 llC!l'!l!B !leJs, it 4EW[l&! ~wt!.!~ 
? • L1mtsq, A.J, J Ml)rdi jJ, 99 (l,41) 
• ~' .i·.U.J Ind. • ahem., • TA. 17,,. 332 (194$) 
9. t ... J.J.. r, h • ,a, 491 (1949) 
10. tlup • J ,.J. and Jo~e, ~tuu11•11 L.J Acal. Ob • Ji. 1169 (19JO) 
p 4?J 
• Pftt "• 0 • .1. and P-.pto, u.J.1 l. Ch•• a, 17 (1949) 
l.2. 34lt4, .J.s.r J. Ch•· e. ~ J1 (1901) 
lJ. ThOM•, •• an lfook, .s.a J. c • • .fl, 211 (1950) 
• WUla. , Hetti: \1 and. U••• 19.UM!Jltt!l. at !.WI•, and 
236-262, • an ~rend eo., ·• ~lork ( 9Sl) 
• 
